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TITLE OF THE INVENTION 

CONVERGENT PROCESS FOR THE PREPARATION OF A 
GROWTH HORMONE SECRETAGOGUE 

5 BACKGROUND OF THE INVENTION 

Growth hormone, which is secreted from the pituitary, 
stimulates growth of all tissues of the body that are capable of growing. In 
addition, growth hormone is known to have the following basic effects on 
the metabolic processes of the body: (1) Increased rate of protein 

10 synthesis in all cells of the body; (2) Decreased rate of carbohydrate 
utilization in cells of the body; (3) Increased mobilization of free fatty 
acids and use of fatty acids for energy. A deficiency in growth hormone 
secretion can result in various medical disorders, such as dwarfism. 

Various ways are known to release growth hormone. For 

15 example, chemicals such as arginine, L-3,4-dihydroxyphenylalanine (L- 
DOPA), glucagon, vasopressin, and insulin induced hypoglycemia, as 
well as activities such as sleep and exercise, indirectly cause growth 
hormone to be released from the pituitary by acting in some fashion on 
the hypothalamus perhaps either to decrease somatostatin secretion or 

20 to increase the secretion of the known secretagogue growth hormone 
releasing factor (GRF) or an unknown endogenous growth hormone- 
releasing hormone or all of these. 

In cases where increased levels of growth hormone were 
desired, the problem was generally solved by providing exogenous 

25 growth hormone or by administering GRF or a peptidal compound 

which stimulated growth hormone production and/or release. In either 
case the peptidyl nature of the compound necessitated that it be 
administered by injection. Initially the source of growth hormone was 
the extraction of the pituitary glands of cadavers. This resulted in a 

30 very expensive product and carried with it the risk that a disease 

associated with the source of the pituitary gland could be transmitted 
to the recipient of the growth hormone. Recombinant growth hormone 
has become available which, while no longer carrying any risk of 
disease transmission, is still a very expensive product which must be 
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given by injection or by a nasal spray. Other compounds have been 
developed which stimulate the release of endogenous growth hormone. 

In particular, certain spiro compounds are disclosed in 
U.S. Patent No. 5,536,716, PCT Patent Publication WO 94/13696 and 
5 Proc. Natl. Arq H fici. USA. 92. 7001-7005 (July 1995) as being non- 
peptidal growth hormone secretagogues. These compounds have the 
ability to stimulate the release of natural or endogenous growth 
hormone and thus may be used to treat conditions which require the 
stimulation of growth hormone production or secretion such as in 

10 humans with a deficiency of natural growth hormone or in animals 
used for food or wool production where the stimulation of growth 
hormone will result in a larger, more productive animal. 

Among the preferred compounds disclosed therein is 
spiro[3H-indole-3,4'-piperdin]-l , -yl)carbonyl]-2-(phenylmethyl-oxy)ethyl]- 

15 2-amino-2-methylpropanamide which has the structure: 




U.S. Patent No. 5,536,716 and PCT Patent Publication 
WO 94/13696 disclose methods for preparing this compound (see 
Examples 18, 19 and 55). However, the synthesis of the compound was 

20 accomplished by using the very expensive amino acid coupling agent 

EDC ($1100/kg); the use of numerous equivalents of trifluoroacetic acid 
as the catalyst for the BOC group deprotections; extensive 
chromatographic purifications; and resulted in "gumming" of the final 
product. PCT Patent Publication WO 97/15573 also discloses methods 

25 for preparing this compound. 
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The advantages of the present invention include: 
manufacturing flexibility through a convergent route; synthesis of the 
dipeptide side-chain in high yield and high enantiomeric excess; 
avoidance of a large number of steps (i.e. coupling/deprotection 
5 sequences) in the presence of the spiroindoline; a high yielding non- 
isolation process; decreased expense through the use of DCC [$40/kg] 
instead of EDC [$1100/kg]; diminished environmental impact through 
the use of methanesulfonic acid instead of trifluoroacetic acid as the 
catalyst (as well as lesser equivalents of catalyst) in the deprotections; 
10 and ease of isolation of the final product. 



SUMMARY OF THE INVENTION 

The instant invention is directed to a novel convergent 
process for the preparation of the compound N-[l(R)-[(l,2-dihydro-l- 
15 methanesulfonyl-spiro[3H-indole-3,4 , -piperdin]-l'-yl)carbonyl]-2- 

(phenylmethyl-oxy)ethyl]-2-amino-2-methyl-propanamide which has the 
structure: 




and salts thereof, in particular, the methanesulfonate salt. This 
20 compound has the ability to stimulate the release of natural or 

endogenous growth hormone and may be used to treat conditions which 
require the stimulation of growth hormone production or secretion such as 
in humans with a deficiency of natural growth hormone or in animals used 
for food or wool production where the stimulation of growth hormone will 
25 result in a larger, more productive animal. 
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DESCRIPTION OF THE INVENTION 

The present invention is directed to a novel convergent 
process for the preparation of the compound N-H(R)-l(l,2-dihydro-l- 
methanesulfonyl-spirotSH-indole-S^'-piperdinl-l'-yDcarbonyll^- 
(phenylmethyl-oxy)ethyll-2-aniino-2-methyl-propanamide which has the 

structvire: 



10 



15 




and salts thereof, in particular, the methanesulfonate salt. 

The instant process provides the desired compound from 
readily available inexpensive and environmentally acceptable starting 
materials reagents and solvents. The process does not require the use any 
chromatographic purifications, and it is possible to produce the final 
product from the intermediate spiroindoline sulfonamide without isolation 
of any of the intermediates. 
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The individual processes within the general process are 
summarized as follows: 



SCHEME I 




SQ 2 Me 
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SCHEME I (CONT'D) 



H 3 C CH 3 
^ Q /^C0 2 -G HO z C^N-L Ph' 
NH 2 Peptide Coupling 



Remove Carboxyl 
Protecting Group 




H3CV CH3 



H H H3C V CH3 

>=o o 

HO 

H H h3C V CH3 

)=o o 



N-L 
H 



HO 



Peptide Coupling 




Removal of Amino 



N 

SOoMe 



Protecting Group 



H h^C^CH, H H HaC V CH3 




Formation of Salt 




S0 2 Me 



N 

S0 2 Me 



5 



(wherein G is an appropriate carboxyl protecting group, L is 
an appropriate amino protecting group and X" is an appropriate 
counterion). 
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Within this general process, a first process concerns the 
preparation of a compound of formula I: 

h H H3C V; CH3 

CO z H ° 



5 wherein L is an amino protecting group, 
by coupling an amino acid of the formula: 



wherein G is a carboxyl protecting group, 

10 with a compound of the formula : 

H 3 C CH 3 

H0 2 C N-L 
n 

wherein Lis an amino protecting group, 

in the presence of an acid activating agent in an inert solvent in the 
presence of a catalytic agent, followed by removal of the carboxyl 
15 protecting group G to give the compound of formula I. 

Acid activating agents suitable for this process include: 
DCC, EDC, ECAC and BOP, in which the preferred acid activating agent 
isDCCCN.N'-dicyclohexylcarbodiimide). 

Catalytic agents suitable for this process include: HOB I, 
20 HONB, and the like in which a preferred catalytic agent is HOBT 
(hydroxybenzotriazole). 

Inert solvents appropriate for this processes include: 
acetonitrile; iso-propyl acetate; ethyl acetate; propionitrile; water; 
chlorinated hydrocarbons such as dichloromethane, chloroform, carbon 
25 tetrachloride, dichloroethane, chlorobenzene, ortho-dichlorobenzene; 
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b „ toluene; xylene, and the like; and mixtures " in jHch the 
referred solvent is either acetonitrile or isopropyl acetate and water 
preferred temperatttre ra nge is between -40 and 

15 0-C, and the most preferred range is between 20 and IMTO 

Suitable carboxyl protecting groups include: methyl, ally! 
ethyl isopropyl, benzyl, and the like, in which the preferred one * methyl, 
ethyl, P Py^ ^ ^ ^ may be effec ted by 

methods well known in the art. For example, hydrolysis of the methyl 
"er may be achieved with lithium hydroxide in a so.ution of toluene and 
wlr at a temperature of between about 0 and about 10'C, preferably 
I™ ts-C. Optionally, the enantiomeric purity of the dipept.de may be 
upgraded by formation and crystalization of the dicyclohexyl anune salt. 

Suitable amino protecting groups include: benzyl 
benzyloxymethyl, benzyloxycarbonyl (oarbobenzyloxy), benzylsulfony^2- 
bromo-eZoxycarbonyl, t-butoxy-carbonyl, 2-chloro-benzyloxy-carbonyl, 
2-chloroethyloxycarbonyl,di-t-amyloxycarbonyl,9-fluoroenyl- 
LXloxycarbTnyl, isopropoxycarbonyl, 4-methoxy-benzyloxycarbonyl, 4- . 
^b n^oxycarbonyl, 2-nitrophenyl-sulfonyl, phthaloy 
Tbutylo Jcarbonyl, trifluoroacetyl, triphenyhnethane, allyloxycarbonyl, 
20 and vtXxycarbonyl groups, and the like, in which the preferred ones 
Lclurbenlyloxycarbony, (carbobenzyloxy), t-butoxy-carbonyl groups, 
and in which the most preferred one is the t-butoxy-carbonyl group. 

In the interest of efficiency, it is preferred that tins couplmg 
be conducted in situ without isolation of the compound of formula I 
25 following its preparation by the aforementioned process. 
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Within this general process, a second process concerns the 
preparation of a compound of formula II: 

\ ^CH 3 

-L 




S0 2 Me 
II 

5 wherein L is an amino protecting group, by coupling an amino acid of the 
formula: 

H 3 OCH 3 

C0 2 H 0 
I 

wherein L is an amino protecting group, with a compound of the 
10 formula: 

H 

-N 




11 

S0 2 Me 

in the presence of an acid activating agent in an inert solvent in the 
presence of a catalytic agent, to give the compound of formula I . 

Acid activating agents suitable for this process include: 
15 DCC, EDC, ECAC and BOP, in which the preferred acid activating agent 
is DCC (N,N'-dicyclohexylcarbodiimide). 
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Catalytic agents suitable for this process include: HOBT, 
HONB, and the like in which a preferred catalytic agent xs HOBT 
(hydroxybenzotriazole) or HONB (N-hydr OXy -5-norbornene-2,3- 

dicarboximide). „„i„,q Q . 

Inert solvents appropriate for this processes include, 
acetonitrile; isopropyl acetate; ethyl acetate; propionitrue; water, 
X^dhydL^ 
tlTcUoride.di^ 

benzene; toluene; xylene* and the like; and mixtures thereof. When fl» 
catalyti agent is HOBT, the preferred solvent is acetorutnle. When *e 

int is HONB, the preferred solvent is 
cataiyt. g ^ ^ „ betwee n -40 and 

150-C When the catalytic agent is HOBT, the most preferred range u 
between about -20 and about -35-C, and the even more preferred 
temperature is about -26'C. When the catalyhc agent >s HONB, the most 
prTrred range is between about-10 and about ^C.and the evenmore 
preferred temperature range is between about 0 and 5 C 

Suitable amino protecting groups mclude: benzyl, 
benzyloxymethyl, benzyloxycarbonyl (carbobenzyloxy), benzylsulfonyl, 2- 
bTroXloxycarbonyl, t-butoxy-carbonyl, 2-chloro-benzyloxy-carbonyl, 
2-crJoroethyloxycarbonyl,di-t-amyloxycarbon y l,9-fluoroenyl- 
methyloxycarbonyl, isopropoxycarbonyl, 4-methoxy-benzyloxycarbonyl, 4- 
:tC.oxyca^bonyl.2-nitropheny.-sulfony 1 ,phthaloyl2,2^ 
t-butyloxTcarbony!, trifluoroacetyl, triphenylmethane allyloxyc^bonyl, 
25 andlyloxycarbonyl groups, and the like, in which the preferred ones 
ilude bewloxycarbonyl (carbobenzyloxy), t-butoxy-carbonyl groups, 
and in which the most preferred one is the t-butoxy-carbonyl group. 

In the interest of efficiency, it is preferred that tins couphng 
be conducted in situ without isolation of the compound °«°™^ 
30 followingitspreparationbytheaforementionedprocess. Alternately, 
the comUd of formula II may be isolated as a discrete mtermednrte. 
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Within this general process, a third process concerns the 
preparation of a compound of formula III, or a pharmaceutical^ 
acceptable salt thereof: 

H H H3C V1 CH3 

=o o 

-N 



5 




III 

which comprises reacting a compound of the formula II: 

i HsC v ^CH 3 

-L 



H H 3 V 

)=o o 




II 

wherein L is an amino protecting group, with an amino 
10 deprotecting agent to give the compound of formula III. 

Suitable amino protecting groups include: benzyl, 
benzyloxymethyl, benzyloxycarbonyl (carbobenzyloxy), benzylsulfonyl, 2- 
bromo-ethyloxycarbonyl, t-butoxy-carbonyl, 2-chloro-benzyloxy-carbonyl, 
2-chloroethyloxycarbonyl, di-t-amyloxycarbonyl, 9-fluoroenyl- 
15 methyloxycarbonyl, isopropoxycarbonyl, 4-methoxy-benzyloxycarbonyl, 4- 
nitrobenzyloxycarbonyl, 2-nitrophenyl-sulfonyl, phthaloyl, 2,2,2-trichloro- 
t-butyloxycarbonyl, trifluoroacetyl, triphenylmethane, allyloxycarbonyl, 
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nd the like, in which the preferred ones 

and vinyloxycarbonyl groups, 
includebenzyloxycarbonyHca^ 

In this process, the remova Removal of 

a t-butosycarbonyl protectang group y ^ ^ iso . propy i 

asmethanol.eihanoi.me^^^^^ 

acetate, a strong -^f^-te add, hydrogen chloride gas 
acid, trifluoroacetoc ^ h ^°T° . rtfluorom etha»e-sulfonic acid', 

^phorsulfonic acd; ^ ^^Jenesulfonic acid, andp- 
ad d,suchasben— r ^ cataiyticagents 

cUoroben M ne-sulfomcac>tt. camp horsulfomc acid; 

tri«noro.ceticadd; m ethanesulf^.d J ^^^forac 

„sulfonic acid, p~ ^ methan e S ulfonic acid. It is 
acid. The most preferred catalytic agen ^ rf ^ 

beachievedbyanumberof^ods^e^,^^^^ 
wi thhydrogenmthepresence fanoU hasethanol . I„ 

25 palladium on activated carbon m, a prot ^ by the presence o 

casesv.herecatalytichydrogena^oo^a Mov/M l 

other potentially ^^f 0 ^^ b y treatment with a solution 
of hydrogen bromide in acetic add, or by treatm 
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Within this general process, a fourth process concerns the 
preparation ofapharmaceutic^^ 
formula III, in particular, the methanesulfonate salt, i.e. a p 
formula IV: 

y H HaC \/ CH3 

^ N "Tl^ NH2 ' CH3S ° 3H 



Ph 



)=o o 




N 

S0 2 Me 

IV 

which comprises reacting a compound of the formula III: 




H H 

NH 2 

O O 

N 



N 

S0 2 Me 

ni 



hi 

10 with an acid, preferably methanesulfonic acid, to give the compound of 

" ^ It is preferred that compound of formula IV is isolated in the 
form of the methanesulfonate salt. The preferred solvent compnses , ethy 
legate and ethanol, and the most preferrred solvent » a mrxture of ethyl 
15 acetate and ethanol. 
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O DCC 

NHBOC re ™ x rt , 5 h 

11 



HO ] NHBOC 



X^OBn ^ > / Nri 

MeO T NHBOC H (1 :1 v/v ) HN Y\ 

O 2 )DCHA,iPAc 14 

3)H 2 S0 4 

^Serinellwastreatedwithmethane 
TheN-BOC-O-Benzyl-D-Senn q affect s W taneous 

10 I phasic mixture W as cooled *»0 a A . M * mth 

aq ueouslayer,wWe a tpHU,su 

HOBT( ^ eOTd e ffi e &y ester W^y^^^^^, 
toluene:H20(2.1v/v;, 
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, t • u «f 14 was separated; iPAc 
eq) Theaqueouslaye^contalningtheL^ The 

enantiomeric puri* of 
^procedure: 

resulting thick slurry at that ternpe enantiomer ically pure free 

25 °C for 10 hours followed ^ . 93%) by partitioning the 

aci d,U,wasoh^ 

addition ofheptane(ca.9voluxne S ). 

schemed 




S0 2 Me is 



EtOAc-EtOH(8%) 
seed(2%wt) 
55 °C 
5-6 h 




S0 2 Me 17 
O 

o 



S0 2 Me 18 
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iPAc H20 (1.1 eq DCC, 0.2 eq n 

^ Weeding" » ^jf"^ ^ -ulting dry, « hasy 
2xb atohv 0 lume 5 of ethyl acetate^ reatedwithDarc0 

G-60 (25 weight*) at room ^ra hetoebase ir 
the resulting slurry &r 4 hours g>v_^ 

Ts crystal Form II l^ bto ^ n L F ;rmIisaccompli S hedwhere 
^ The conversion of Form H tor d o{ coo l in g the 

, • -FtoAc-EtOH as above, but instea 
the salt is formed in EtOAc * temperature, it is cooie 

* tia, solution of the salt (at 55 C) toam ^ sl 

Crystalsshouldstart^peanng ^ C 

and the slurry is ageu 

EtOH at 50-55°C followed by aging. ethanol in ethy l 



25 



30 
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Arlod at 35°C in vacuo and 
a*t a nitrogen atmosphere, dried a 

The methanesulfomc aci ^ crystals of 

5 Form I to a solution of the free b ^ ^ „ not c nt,cal. 

Detailed solubility stum (Et OH/heptane> or 18 

(EtOAc-EtOH, 92-.S). In » attem!>t , t ° ' ind uded temperature, order of 

r^r-din^, 




20 



25 



AcW 

Inth e„ P tim a lre aC tioneo»«^--- was 

^tidex^*^^^^^ 

Jdedd-lec). "*™**2SLiH0BT. Theresultu* 
dicarborim.de) may be employed ,»P acetonitri le at -25'C 

overnight. (Note, Tros order ofad* ^ makes 8ta rmg 
tne . :.„o^99.2%ee. 



^.eTp^ana^ee. 
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v *;«n the following 
Ttoougbout the instant appUcabon * 

deviations are us ^ 

benzyl 

t-butyWcarb^ yto . no> 

Benzotnazol-l-yW 1 ' 
phosphoniutahexafluorophosphate 

calculated 

D 'i-isopropyletbytome 
NN -dimethylformamide 

4 iixnethylaminopyridine rbodiimide 
KS-dimethylaminopropyD-Sethy 

Electronion-mass spectroscopy 
ethyl 

hours 

UtMuro aluminum hydnde 
U^umbisCtrunethylsilyDanude 

methyl 

Molecular formula 

Methane sulfonic acid 
N-Methylmorpholine 
Nuclear Magnetic Resonance 

phenyl 



Bu 
Bn 

BOC, Boc 
BOP 

calc. 

CBZ, Cbz 

DCC 

DIEA 
DMF 
DMAP 
EDC 

EDAC 
EI-MS 
Et 



25 
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35 



FAB-MS 
h, hr. 

HOBT, HOBt 
HPLC 
iPrOAc 
KHMDS 
LAH 
LHMDS 
Me 
MF 
MHz 
MPLC 
MsOH 
NMM 
NMR 
Ph 
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Pr propyl 

prep. vreV^ , 

Trifluoroacetic acid 

THF Tetrahydrofuran 

TLC layer chromatography 

5 TMS Tetramethylsilane 

fc the above structure formula and to******" " 

^tended to mean the B0P in m m ert solvent in 

a cid activating agent such as EDO U . appropria te for 

t he presence of a caUvst acetate -, ethyl acetate; 

such couplings include: acetorutnle «o prW aich , oronM>t han e , 
propionic water;cUo^ 

llke ' The variable "IT and the term "amino protecting group" £ 

Groups in Organ. ^ ^ be able to withstand the 

1991. An appropriate protecting gro p remo ved when 

reactionconditionsofin— -^^Id for each 
25 desired. The amino protecting gruup 

pr0C ess within the entire P— V benzyl , 

vinyloxycarbonyl groups, and the like, in w 
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^losycarbonyl (carbobenzyloxy), ^butoxy-carbonyl groups, and in 
S the most preferred one is the t-butoxy-carbonyl group. 
WlUCH ^eremovaloftheaminoproteetinggroupmaybe 

V b.d bv use of an appropriate catalytic agent. Removal of a t- 
accomplished by use 01 an apy r solvent such as 

preferred catalytic agent is methanesulfomc acd. The prefe 

bydrogenation with hydrogen „ P™ ^ ^ 
such as palladium on actuated carbon in a ^ ce 
In cases where catalytic hydrogenat.cn >. contramd,cated by 
of other potentially reactive functionality, the 
benzyloxycarbonyl (carbobenzyloxy) group may also be achieved by 
^meTtwithasolutionofhydrogenbrom^idein-t.cacrd.orby 

Sim^ ^compoun. ^^^^ 
rS^T^ ce^— dscontaimnganacidic 
such asacarboxycanbein the form of then- morgan, salt m 
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which the counterion can be selected from sodium, potassium, lithium, 
calcium, magnesium and the like, as well as from organic bases. 

The preparation of compounds with the process of the present 
invention may be carried out in sequential or convergent synthetic routes. 
5 It is noted that in some cases the order of carrying out the foregoing 
reaction schemes may be varied to facilitate the reaction or to avoid 
unwanted reaction products. In general, the process of the present 
invention is conducted in a sequential manner as presented herein. 

Many of the starting materials are either commercially 
10 available or known in the literature and others can be prepared following 
literature methods described for analogous compounds. The skills 
required in carrying out the reaction and purification of the resulting 
reaction products are known to those in the art. Purification procedures 
include crystallization, normal phase or reverse phase chromatography. 
15 The following examples are provided for the purpose of 

further illustration only and are not intended to be limitations on the 
disclosed invention. 

EXAMPLE 1 
O^OBn 



20 



9 



CO z H 

Tsoni pecotic acid-iV-henzvl ca rbamate (3) 



Materials : 

Isonipecotic acid (2) T.C.I. 4.02 kg (31.1 mol) 

25 Benzyl chloroformate (Schweitzerhall) 6.91 kg (40.5 mol) 

K2 C03 10 - 1 k S < 72 - 9 mol > 

Water 40 2 L 
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sol utionv,as cooled to 10 g and 14 . C , Bgh 

5 warmed up to 22 u ait ^ pomt ^ p 

HPLC isocrat ic nuKt«e «fl. S» = 3 3 

and filtered throug f bamate 3 was 7.89 .^Qtrates 
impurity. 



15 



20 



alcohol as the only ixnpunty, 

30 
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AMPLE 2 
O^OBn 



9 



4 

COCI 



(4) 



5 Materials- ,„s 7 g9 kg (30.0 mol) in 

Isonipecotic acid N-benzyl carbamate (3) 7 .8 

Oxalyl chloride (MW = 126.93) ^ ^ 

DMF(MW = 73.10) 12L 
10 Toluene 

the reaction mixture showed that 1 J* ^ ^ g 

remained anreacted. The reason maxture was w 

r 3 Trea%B(>lmol%(COCl)2). 
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20 
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O^OBn 

I O^.NH-t-Bu 



P 



CONH-t-Bu 

5 aft ert-BuNH2q-ench d escn 

B^iei^iMl ^- carboxy iicacid3 

21 <0.5%ben«yl chloride 

7 ' 8 >99 %Cbz-t-butylcarboxamideA 

11-0 NA toluene 

121 <0 5%ditert-butylo X amide B 

12.7 

O^OBn 



10 



CHO 

(5) 



15 

, ^eN-benzyl carbamate (4) 3.38 kg (12-0 mol) 
Isonipecotic acid chloride N benzy ^ g ^ feg 

Uluene(MW = 281.74) !.55kg (15.0 mol) 

70 DIEA (KF - 18 mg/L) 1Q1 g 
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The DIEA and thioanisole were added to the solution of (4) in 
toluene from the previous step and the catalyst was suspended in this 
mixture. The mixture was immediately placed into the 5 gal autoclave 
iXdrogenated at 20°C and 40 P si of Ha. After 18 h the reacts had 
taken up 70% the theoretical amount of hydrogen and HPLC analysis of 
an aliquot that was quenched with tert-butylamine indicated that 14.2 
area % of acid chloride 2 remained. HPLC conditions same as above. 
Retention time: 5 = 8.1 min. 

A second charge of catalyst (101 g) and thioanisole (0.54 g) 
were added as a slurry in 1375 mL toluene to the hydrogenator. After 23 
h HPLC analysis of an aliquot that was quenched with tert.butylamme 
indicated that 1.8 area % of acid chloride 2 remained. Themixture was 
purged with nitrogen and the catalyst and precipitated DIEA-HCl were 
removed by filtration through Solka-floc™. The filter cake was washed 
with 10 L of toluene. The filtrates were transferred through a 10 ^inline 
filter to a 50 L extractor and washed with 2 x 7.2 L of 1 M aqueous HC1 
and 2 x 7.2 L of water. The mixture was concentrated at 10 mbar and a 
temperature of 25-30°C until 5 L of residue remained. 

K^*;™ time (min) Area_%_ Identity. 

21 <2 carboxylic acid 3 

<1 dimer 21 

>95 aldehyde 5 



6.6 
8.1 



The assay yield of aldehyde 3 was 94% by HPLC analysis. 
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EXAMPLE 4 




^7-RpirmTidoline (9) 
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Materials: g9 1} carbama te (5) in 

Piperidine-4-carboxaldehyde-l-benzyl l./l fcg 

toluene solution in 21-4 kg ^ ^ ^ ^ ^ ^ 

Phenylhydrazine ^ ^ ^ ^ 

Trifluoroacetic acid (lr A; ^ ^ (? g3 mol) 



34.4 kg 

Toluene ?()L 
MeCN ?0L 
10 MeOH 



The crude aldehyde 5 solution from the previous step was 
♦ wpd through a 10 ji inline filter to a 100 L reactor equipped with 

bubbled through the reaction nurture, hi TLC and HPLC 

The phenylhydrazine was added until TLC and HrXL. 
analysis indicated complete consumption of the f^i^Lmr 
appearance of a slight excess «5*> ^^^Z^^eZy 
«L E Merck Kieselgel G60 F254 0.25 mm; d,ethyl ether/pentane WU, 

mL/min flow and detection at 254 nm; gradient schedule: 



15 



20 



30 



TW (min) ^retnnitrileiwater 
0 57:43 
10 65:35 
15 75:25 
18 75:25 
retention times: phenylhydrazine 6 = 4.5 min, toluene = 7.2 min, 
35 phenylhydrazone 7 = 11.4 min. 



-27- 



PCT/US97/19063 



WO 98/18815 



^ action mixture was ^J^^l^on 

n^urewaswarmedtoSO C ^"^^ mixture was stopped andaslow 
nitrogen sparge through the "f~l e reacti „n n.iKtu.e. During the 
5 stream of nitrogen « ""^J^ta-d to a deep green, and a 
tot hour at 6°Cthe ^f^^^e precipitate (ammoruum 
datively small amoun ° f °^^p L c analysis (same conditions as 
trifluoroacetate) formed. containe d 91.6 area* 

^ ^^^^^^^ 

wadded. Moderatehydrogen 
temperature below 15'C. The ^ ^controlled 

and there was virtually no ^ brjght orang e. A small 

amount «200 * of a h ™^hlre) indicated that all of the 
33US, HPLC analys-s (cond* n - ^ 9 , rete n tI on 

indolenine 8 had been consum ed (90^ ^ ^ ^ as 

times: indolenine 8 = 7.5 mm „ 1% amsaldehyde 

solvent, cericsuifate-amm— ^ BZ . indoline 9 = 0.33. 
stain; retention factors: to orange corresponds very 

The color of N aBH4 required to complete 

closely to reaction end pom*- * ^ ture ffld rate of addition 

of NaBH4, but the y>eld and quahfry of p ^ ^ to 

5°C over a period of 30 mm. wag 

agitated, and allowed to settle. The temp cphase was 
hashed with 4 L of 3% aqueous NH4OH, 



15 



20 



25 



30 
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brine. The weight of the organic phase after the washings was 53.5 kg, 

organic phases of two other similarly processed reactions, ^e total 
5 alhyde used in the three reactions was 5.06 kg, (20.5 »*. The total 
w25 of CBZ-indoUne 9 assayed in the combined organic phases was 5.91 
W U8 3mol, 90% assayed). The combined organ* ph^es were dned 
^5 kg of sodium sulfate, treated with 250 g of Darco G60 carbon for 30 
min and filtered through Solka-floc™. The filtrates were vacuum 
10 cT entrated at 10 mbar at <25°C until the residue was near d*o-j. The 
rolventswitchwascompletedbyslowlybleedinginSOLoflPACand 

to reflux in order to obtain a clear homogeneous deep orange solution. H 
^analysis indicated that the solution contained ca. 6 mol% of re^dua. 

15 toluene after solvent switch. , „ „ f 

The solution was cooled to 68«C and seeded w,th 4 g of 
crystalline CBZ-indoUne 9. The solution was allowed to *° 

MTBB. The product was dried in the vacuum oven at 30 1 C und.* a 
nitrogen bleed to give 4.37 kg (74%) of the title compound • tan 

Purity The mother liquor (11 D and the washes contained 1.15 kg (19%) 
25 optional product 9 and ca 3% of Cb,isonipecotic acid pheny.hydra.de 
(retention time = 4.8 min). 
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10 



15 



20 



25 



Msad* 1.69 kg (5.23 mol) 

CBZ-Spiroindohne (9) & 
Methanesulfonyl chloride 599 g (5J» -1) ? 

Et 3 N(KF = 151) 

THF (KF = 41) CBZ-spiroindoline 9 

A 22 L flask was charged with the solid ^ P 
a ndthenll5LofTHFandtheEt3Nweretransferredintotheflask 

and then 11.5 homog enous solution was cooled 

To^T^ d 

toOC. Aiijorop^B „f+v^MsCl in THF was added 

j jfiortmTofTHF The solution ot the msw m xixx 

HPLC analysis 1 con ditions: 25 cm Dupont Zorbax 

SChedl ^eJininl QO^a^^lMfiCH 
0 70:30 
3 70:30 
12 20:80 
25 20:80 

Retention times: 9 = 7.6 min, 1 = 13.6 mm. 
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Aft er the addition was complete the reaction mixture was 

^^r-^tn^Sr^dBoiutionofSOLof water and 
5 transferred over lh»ntoa«gorouy The temperature in the 50 L 

flask rose from 22 to <!8 suspension was 

cool ed t o22»Canda*edfo^ The s ^ ^ ^ ^ 

to^chSOm^atueousNH^OHhadbeenadded. The fliter cake 
indicated 93.7 area % 1. 

AMPLE 6 




20 

Optional Procedure for Isolation of Intermediate 

rpz sr™ nflnlRnine (8) 

25 ^^carboxaldehyde^ 

carbamate (5) 5 41 g (0.050 mol) 

Phenylhydrazine 
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Trifmoroacetic acid (TFA) 1156 mL,17.10 g 

(0.150 mol) 

Methylene chloride 5 °0 ^ 

5 The CBZ-aldehyde 5 was dissolved in dichloromethane in a 1 

L flask equipped with Teflon coated magnetic stirring bar. The resulting 
solution was cooled to 0°C. Phenylhydrazine was added via a weighed 
syringe over 5 min and the temperature was maintained at -1 to 3°C while 
nitrogen was continuously bubbled through the reaction mixture. 
1Q TLC an a HPLC analysis indicated complete consumption of 

the CBZ-aldehyde 5 and the. appearance of a.slight excess (<2%) of 
phenylhydrazine. TLC conditions: Silica, E. Merck Kieselgel G60 F254 
0.25 mm; diethyl ether/pentane (4/1); and developing agent 0.5% eerie 
sulfate 14% ammonium molybdate in 10% aqueous sulfuric acid then 

15 heat; Rf. aldehyde 5 = 0.52, phenylhydrazone 7 = 0.61, phenylhydrazine 6 
= 0.21. HPLC conditions: 25 cm Dupont Zorbax RXC8 column at 30°C 
with 1.0 mL/min flow and detection at 254 nm; gradient schedule: 

Time (min) grot.nnit.ri1e:water 
20 0 57:43 

10 65:35 
15 75:25 
18 75:25 
retention times: phenylhydrazine 6 = 4.5 min, toluene = 7.2 min, 
25 phenylhydrazone 7 = 11.4 min. 

The reaction mixture was aged for 10 min at 0-2°C, and TFA 
was added by syringe maintaining the temperature between 2 and 7°C. 
The reaction mixture was warmed to 35°C over 30 min, and maintained 

30 for 17 h. The nitrogen sparge through the reaction mixture was stopped 
and a slow stream of nitrogen was maintained over the reaction mixture. 
During the first hour at 35°C the color gradually darkened to a rosy pink 
then to a deep green, and a relatively small amount of a white crystalline 
precipitate (ammonium trifluoroacetate) formed. After aging for 17 h 

35 HPLC analysis (same conditions as above) indicated that the reaction 
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The reaction mixture was coo ed to ^ ^ ^ g ice was 

5 28 .30% ammonium hydroade, e to . Balmon 

addsd^thgocds™ ^^a^dwashedtwicewithWmL 
color. Theorgaraephasewassepa^Ud ^ phase was dned 

over magnesium sulfate and « of ind „lenine 8 as a pale 
filtrate was evaporated to give 15.Mg^ 



orange oil. jgAMELEJI 



15 




QB^SoiDaDialingCS) 

^^earooxaldenvde-™. 49.5 g (0.20 mol) 

20 carbamate (5) 23.7 g (0.22 mol) 

Phenylhydrazine (Aldrich) ^ g (Q 6g mol) 

Trifluoroacetic acid (TFA) ^ ^ 

Toluene (KF < 250 mg/L) ^ ^ 

MeCN (KF < 250 mg/L) 11 .3 g, (0 .30 mol) 

25 NaBH4 20mL 

Toluene 50 m L 
MeOH 
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t fivAorN in toluene was made up 
A » (by a 2 L 3 ne* flast 

using 654 m L of the above solution were 

equipped with a m echa^ starre rb for g 

min. Phenylhydrazine and Tr A were aa 

degassing. rBZ 5 was dissolved in the re^t of the solution 

solution while in the addition funnel, ine 

15 45% of 0.1% aqueous H3PO4. JWH* 



X - S <(U dimer 21 

*' ? <0.1 aldehyde5 

NA spiroindoline 9 

20 ^ NA toluene 



fi q i^ 

97 spiroindolenine 8 

6 9 <0 2 phenylhydrazone 7 

103 2 . 3 tot . other impurities <0.2% ea. 

25 , , t _ 10 °C and MeOH was added. A 

The mixture was cooled to -iu ^ auu 



30 



exceed -2°C. 

Arm^ IdfiS^te: 

0.1-1 phenylhydrazine 6 

85-90 CBZ-spiroindoline 9 

<0 1 CBZ-spiroindolenine 8 

10-15 tot. other impurities «3% ea.) 
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The temperature was raised to 10°C over lh, and 6% aqueous 
ammonia (200 mL) was added. The mixture was agitated for 10 min, 
allowed to settle for another 10 min, and the lower aqueous phase was 
drawn off. Acetonitrile (20 mL) and MeOH (20 mL) were added to the 
5 organic phase and it was washed with 150 mL of 15% brine. The organic 
phase was found to contain a 92% assay yield of CBZ-spiroindoline 9. 

Step 2: r!Tt7-SpiroinHn1ine-met hqnPfiii1fonamide(l) 

10 Materials : 

CBZ-Spiroindoline (9) (MW = 322.51) - - (0.184 mol). 
Methanesulfonyl chloride 21.1 g (0.184 mol) 

DIEA (KF = 150 mg/L) 29.7 g, 40.1 mL (0.230 mol) 

THF (KF = 41 mg/L) 150 mL 

The crude solution of CBZ-spiroindoline 9 solution from Step 
1 above was concentrated in a 1L 3 neck flask (60-70°C, 150-200 Torr) 
until 250 g of residue remained. The THF and DIEA were added, and the 
resulting homogenous solution was cooled to 0°C. A 125 mL dropping 
20 funnel was charged with the methanesulfonyl chloride and 50 mL of THF. 
The solution of MsCl in THF was added over 2 h to the reaction mixture 
maintaining the temperature between 0 and 4°C and the mixture was 
aged for 2 h at 5-8°C. The addition was slightly exothermic. A white 
precipitate, presumably DIEA-hydrochloride, formed during the addition. 
25 HPLC conditions were the same as above. HPLC analysis indicated that 
the reaction was complete 1 h after the end of the addition (9 was 
undetectable) and the assay yield was 94% from 9. Retention time: 1 = 7.8 
min. Typical HPLC profile of reaction mixture after 2 h age: 
Area% Identity 
30 <0.1 CBZ-spiroindoline 9 

90-92 CBZ-sulfonamide 1 

8-10 tot. other impurities (<2% ea.) 

The mixture was warmed to 20°C, and 200 mL of 1M aqueous 
35 HC1 was added. The mixture was warmed to 50°C, and the aqueous phase 
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10 



15 



- ^ ase was washed sequentialy with 100 mL 
^separated. The „d 100 »Lw-»r. The 
water, 100 mL 5% aqueous sodxumbx ^ equippedfor 

on^I^^*"^^ Themixture(ca400mL)was 
m echanical stirring and mL of distiUa te had heen 

distilled at atmospheric pressure un ^ temperature was 

collected. Thehead temperature^^ 

H0K3. The distillate was c— d ^ ^ ^ ^ 

pr0 panol at such a rate as to mamtam ^ ^ ^ ^ rf 

Lpot.Thedistma^ 

The temperature of both the ne azeo trope 
eS^Cduringthesolveutswitc, ^^^^ The 
boiling at 97.2°C compos ed £ «**to ^ ^ ^ for ^ h . 

The mother liquor in various mixtures of 

sulfonamide. ^^ rf *^^HPLC« 
toluene and n-PrOH has been determined by 



20 



25 



0 

5 

10 

20 

25 



solubi&yj£li^^ 
2.36 
3.02 
4.23 
7.51 
10.3 



30 



wa « filtered and washed with 3 x 100 
The crystalline slurry oyen at 50 o C with a 

tan solid with 93.5 wt% purity. 

Typical HPLC profile of solid. 
£reaj& Identiiy. 
<0.1 CBZ-spiroindolme 9 

>99 CBZ-sulfonamide 1 

<ltot.other impurities «0.2%ea.) 



35 



-36- 



PCT/US97/19063 



For additional purification, a 40.0 g sample of the n-PrOH 
treated vrith 8.0 g of Darco G-60 carbon for 1 h at 60 C. Ate t 

filtrate was distilled at atmospheric pressure , » a 500 mL flas <p* 

.. cnMTl until 100 e (100 mL) of residue remained, llus 
temperature 80-85 C) until 10C gl d n6 mL of 

20 wt % purity). 



10 



15 



TT.Y AMPLE 8 
•HC! 




la 



S0 2 Me 



F ni gou «f Rnir^-^ ^^^^hanpsulfonamide (la) 
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CBz' !r P toindoUne-methanesulfonamide (1) 941 g (2.35 mol) 
Pearlman's catalyst 20% Pd(OH)2/C 188 g 

8L 

THF 
5 MeOH 

The catalyst was suspended in 7 L of MeOH and transferred 
into the 5 gal autoclave followed hy the solution of 1 in 8 L of THF. The 
fixture was hydrogenolyzed at 25°C at 80 psi of H 2 - After 2.5 h the 
10 temperature was raised to 35°C over 30 min. 

HPLC analysis indicated complete consumption of Cbz- 
S piroindoline-methanesulfonamide. HPLC conditions: 25 cm Dupont 
Zorbax RXC8 column with 1.5 mL/min flow and detection at 254 nm. 
Gradient Schedule: 
15 Timejmini QA^^m^M^. 

0 70:30 
3 70:30 
12 20:80 
25 20:80 
20 retention times: Spiroindoline = 7.6 min, 

Cbz-spiroindoline-methanesulfonamide = 13.6 min. 

The mixture was purged with nitrogen and the catalyst was 
removed by filtration through Solka-floc™ while still warm The catalyst 
was washed with 4 L of THF and 2 L of MeOH. The pale yellow fil rates 
were concentrated to a thick oil at 10 mbar and <25°C. The solvent switch 
was completed by slowly bleeding in 15 L of EtOAc and * 
dryness. The residue solidified to a hard off-white mass. MeOH (1.5 L) 
was added and the mixture was heated to 70°C to give a homogenous 
solution. While the solution was at 70°C, 10.5 L of EtOAc at 20°C was 
added. The temperature fell to 40°C, and the mixture remained 
homogenous. 

Subsequent experiments suggested that it is more convenient 
to solvent switch the MeOH-THF filtrates to MeOH, concentrate to the 
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15 



The fixture was ^ temper ature gradually, 

eHoride addition was continued ^ ^ temperature was \ 
20-C. The suspension was aged tor Uolated by filtraboD, and 

leredtolO'C. The c^talbne g** * It was dried in the — 

oven at 35°C to give 1.18 kg U» analysis. HPLC 

conditions: 25 cm Dupont Zorba* rfaW aqueous 

detection at 230 ™^ o ^.^ 5.4 min. 
ionium acetate. Retenfon tune. 



15 



20 



25 



BB -^^250 mL ahquot of the nltra mL ^ 

residue was dissolved**^ EtOA g nce roor e, and 10 

concentrated to ca 10 mL. Tins " ripitate bega n to form- 

EtOAcwas added to the res>due^A«^ Additional ^stalline soUd 

precipitated, but the supernatent stul c 
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10 



dissolvedproductw*^^^ 

we re added dropwise over 2 h t > the ^ ^ ^ rf ^ 

slow addition of the hexanes is neccessary 

, ■ * „. was aged for lh and filtered. The filter 

offcesanes. The product was ^J^^^^-idrf^ 

g (82%) of the free amine of lb as an ^ wlth 

La% P urity.HPLC ; on« 

!. 5 ml.min flow and detect* £ ^ioa^: ft -B.^- - 
0.1% aqueous ammonium acetate. Retenti 



15 




S0 2 Me 



15 , ,*«.«w B (FttfilfflBfi£inalClB) 



Materials/- 833.5 gr (2.08 mol) 
CBZ-S P iroindohne-s» 

20 Pd(OH)2/C(20%we lg htofPd(OH)2) ^ 

THF 19 . 5 L 

MeOH 60 mL 
NH4OH (cone) 



25 



three (3) times due to equipment 
The hydrogenation was run *^ 8) ^ ^.^^ 

Umitations; this V^jf^"^ = 53 ug/uL) and then MeOH 
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. i * The remainder of the MeOH 
(2 5 L) was used for rinsmg. The mix rf ^ 

Upon completion «0.1 A * y L) 

suiting soUds were P««*»^ » 8eparat ed easily a heavy 

0 5N NaOH (18 U. Although the laye v suspe nsion 

20 — S5 'rr^CKwereaaaeaanathe 
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CBZ-Sp irmndo1 

Darco G-60 
Ethyl Acetate 
Absolute Ethanol 

l0 %Pd/C 
^onia Solution 

SolkaBoc™ 
isopropyl Acetate 



3kg (7.49mol) 

600 g 
36 L 
189 L 
450 g 
500 ml 
2.5 kg 
65 L 



10 



15 



20 



_r~.- ^ „mkg) and Darco G-60 

nf CBZ-sp^i ndoline (1) ^ * 60 . 65 -C under a 
Amix ture rfCBaP^ andheat ed at 80 b ^ 

nitrogen a^osphere^ ^^^J^^^**. 
60-65-C the sohd wash ^ confirmed ^ ^ ^ 

washings corabxn^d. waS evaporated to ^ (2 x 

Darco. The ethyl acetate so ^ ^ d then flushed vnthabs ^ ^ 

u^nga20LBu C hiappar^ s ^^^^ 

5L , Thismaten^^ e20LaU to C lave. The* ^^(75 g.7.6% 
absolute ethanol (1 U ml) was then ad 

andrinsedu^ ^ ^ ***^?J^^*^ 

(8tt U hot, 60-65 C) ^ * bleediltf absolute 

absolute othanol«xW , MB l fi ^^ Wurewas 

warmed to 60-bo 
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30 



35 
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. Thecal vessel,** 

ater usingP^^^ererinse ^^ssd 

Mtex.tl-eP^P^^toabsolutee^ bins 

aq oeous ammome l» ^ unless ste ^ an in . to e 

acetate was u 
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20 



25 



30 



; g^ Q eJ^^-— o 

^onalS^^^^etion^e^o^^^ 

Uponreacuo completers n(l5w t%,l- 3 

1X6 dded While stirrup IN 
Dwasaddea. 
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j;inte base (0.5 IN i Na 
apH of9. Onceat ^ y toafm^P Hon0 -, ( L p e r atureandpH 

HElfiian 4 ^?*' c-8 (250 x 4.6 mm) 

fc^tS = 4S-C {Buffer( 0.05*H3PO4 + 0.01* 

10 Column temp m 10;9(Mb of Buffer 

15 b6IXZy rcxAMEI^ 



MeO' 



20 



25 



3 l^OBn + HoV B0 7 
NH 2 



MeO 1 nHBOC 

o 
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an d a solution of ^ 2hoOTS . After n (7Q0 ^ 

and aged for 1 hoar At moc {or D CU r layers 

„ere separated ^ ^ ^ g (91 «. 
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5 



HB^«BX C-8 (250 x 4-6 mm) 
Column = ^oroa* 

Col^mpera^ ^ (al% 

^Ugmaterial-l-e^HOB 



10 




6 , ; n termediate), 

15 toe methyl ester apept.de »>*™ cqaippe d a 

which ^transferred toa2 r.^Serature P^e. Te the 

&0ro fr^a-^ Stirrer '^BnI)«. added andthe 
drro laU«g baa ed water (312fm' ^ 

toffi ogeaousea>uUo^ was ^ led 4 aTo a ^ gepimp; 
20 temperature of the ™ mL) was added ove 2ho ereacti „n 
button, 2 S ton ag ed ovenugbt at 4 C. ^ ^ 

thi s reaction ^ "Vc, thelayera were separa ^ 

wa s treated with -PAe t ^ ^ orga mc was ^ ^ 

25 pH<2. ^^^XtedtolL^^f' ^p^dheated 
P of50 0. Thevob^ -^O^md, 

point was qaantttatov e t ^(15 nth, 1-1 <*.»• 60 , c fcr 5 

U-C. tt«- T «"^ Theresu^ngslurryw-fad 8 fei2 

thus obtained, was air 
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5 dded The layers 

were s^ted and ^^fo, 30 ndtheotgamcW aH 

„**->■ ^^1,0 dear Werswere e^a -jBfyWM 

heated to 55'C for » * add ) was added ^ ^ 
Heptane^^'^ja^fori^^invacueet^C. 
■ andthereaul^^ ^.Theaobd^as 
waahed^beptaneW 



10 



^"^sdventeyata-a^ 50 - 60 ' rain (overlap vfitn 
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1,18815 ^ A 

A the reagent *ere added 
. the substrate and the b (4 ? g . 

was added at^C^m ^^^^da ^^ 

.separaW^^HMiOoL) * e ,Le- 4 volumes 
^ashedwi*^^ 

based on assay yeldfor P ^ ^ wa s ag 

to establish a good seed ^ aged at 25 ^ wa8 

0 . C sWy. and aged at t ^ ^ EtOH-hep ^ (4 

^procooleda tO ateria l was dned m a 

volumes- WO m«. The 
a nitrogen sweep- 
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MethanesulfonicaddCMsOti ^ 

EtOH 30L 

iNNaOH 26 L 
E t0Ac . _^ ca rbon lKg 



10 



15 



D arco 60 activated carbon wdin 6 2LofEtOHand 

there was stdl 15 com pletion «0-l A* AJ filtere d through 

» 35 °° ^oTof H2^ — 8dted m ^off residua! BCU-^ 
. glass funnel with* P»ln> P and 26 L NaOH 

— " T^kIoH. Addition^ Xdi-^' 
OlU w =c. Higher temperatures 

temperature below ^ rf Hg ^ 

^r^erKFsresultmmoreeffi^ 60(ig/fflL 
KF <W00 W"» L ^ atthe satt formation step . W ^ aceta te to 



through Solka* 

o K£. 
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(16 U assay 2^^- 
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"""*" H H C ^ CHs 

Wo o 

15 




10 



BocSpiroindolmeCie) 
Methanesulfonicadd 

Ethyl acetate droxide 
1M Aqueous sodmmhy 
50 % Aqueous sodxuxnhydr 

Darco G-60 
SolkaFloc™2.5kg 



4.395 kg (6.99 mol) 
2.017 kg (20.99 mol) 
185 L 
16 L 
2.6 L 
900 g 
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20 



25 



~- 25kg v l36 L-3equivs.)-sadded 

(total volume -25 ^ overmgW- On ^ continued 

contained then LC showed ratio oi P Lvolume and 

10 m cartridge) usmgaP^P „ were rimed 
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8,188 10°C A 

stirred for 15 -i° utes .aoLvotane and 



15 



20 



25 



no***— the hazy 1111 * 

(10 U r 60 C 900 g) was added to at ro0in 

DarcoG-6U^" & mixture was sui Q jj e dtothe 

mtle ethyl a*ta*a£ SparU er in-hnefi * ^fflter 

^asp^^f^^rferred^j; 3 x 40 L stainless steel 

^^eXeugnanetnerfflter^ ^ ^ 

ethyl acetate (n w 
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H H CH^CHa 
^ /^^>N^ X NH 2 -CH 3 S0 3 H 

0 Uo O 




S0 2 We 



Spirol3H- 



n dole-3,4'-piP^ 



10 



Materials'- 

Amine (17) . rMsOH) 

Methane sulfomea^CM^' 

EtOAc 
EtOH 

8 %EtOHinEtOAc 



2 340 g (4.43 moles) 
316 mL (4.88 moles) 

60 L 
4.8 L 
20 L 



15 



20 



25 



■ ofl7fromthepreviousstepwas 

homogeneous solution free amine was e ^ 

temperature rose t ca. converslon to the tx 

(Forml). (At^^ gd t0 cooU o 20°C overmg^ and f &% ^ . r 

^eTo^^--*^ 

enantiomer). 
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^ I is also accomplished 
conversion of Form ^ to ^ MsQH aS above 
™ ^nEtOAc-EtOH by addition 



H H c^ch 3 
W=o o 

^ » 18 




10 



|5 Amine 



(17) 



3.1 kg (5-86 mol) 
620 g (6.45 mol) 
37 L 
8.7 L 



Methanesulfonicacid 
Ethyl acetate 

Absolute ethanol ,,^ 
metha nesulfonate(Fo™I) 

-52- 



70g(0.H mol) 
3 added to the solution 



of the 
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10 



15 



20 



25 



• ^ «fhvl acetate (11 L) was added over -5 
minutes at 50-54 O. me lTY , At T, v i. oxv ^ethyll-2-amino-2- 

hours and then dropped to the 50 cm po yp py 

of absolute 

ethanol (2.3 L) in ethyl acetate (26 U. app r„priate-time - 

off and dried in an Apes oven 

(apP r„, two days) -^J^^lJIy^^ 

m ethanesulfonate (3 352 kg) w = 
give 3.347 kg (inclu^ 

^zed^W^ 

mgftnL ' The DSC curve for Form I of N-[l(E). K l,2-dihydrc-l. 

, • r-ffl mdole-3 4^piperdta]-l'-yl)carbonyll-2- 

( P henytoethyl-oxy)ethyllz nitrogen flow 

m ethanesulfonate at 10 °C/m,n m >»■ open cup^ of 

17.9, 19.5, 21.1, 21.7, » d f ° copper Ka 

APD3720 Automated Powder ^ ^ 

radiation. Measurements were made 
sample maintained at ambient room temperature. 
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10 



15 



m ade without departing from the spmt H conditions as set 

agents or methodoiogy to P~^* J ^ reactivity of starting 
the invention indicated above. Likewise, th _P 
materials may vary according to and *P-££*^ J 
substituents present or the conations ^ accordance 
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WHAT IS CLAIMED IS: 

1. A process for the preparation of a compound of 

formula IV: 

{ H 3 C V X CH 3 

"NH2CH3SO3H 



=0 o 




10 

wherein G is a carboxyl protecting group, 
with a compound of the formula: 

H 3 C CH 3 

H0 2 C N-L 
n 

wherein Lis an amino protecting group, 
1 5 presence of a first acid activating agent in a first inert solvent m the 

prince of a first catalytic agent foUowed by removal of the carboxyl 



-55- 



PCT/US97/19063 

WO 98/18815 

protecting group G to give a compound of formula I: 

C0 2 H ° 
I 

5 wherein L is an amino protecting group, followed by: 
(2) coupling the amino acid of the formula: 

C0 2 H ° 



I 



10 ■ wherein L is an amino protecting group, with a compound of the 
formula: 

H 



N 




N 

S0 2 Me 

in the presence ofasecond acid activating agent in a second inert s„!vent 
in the presence of a second catalytic agent to give a compound of the 



-56- 



PCT/US97/19063 

WO 98/18815 



formula II: 



H H 



Pr» 



)=o o 



H * \ s 




S0 2 Me 
II 

wherein L is an amino protecting group, followed by: 

(3) reacting the compound of the formula II with a second amino 
deprotecting agent to give a compound of the formula III, or a 
pharmaceutically acceptable salt thereof: 

w a H3C x? H3 

)=o O 

-N 




N 

S0 2 Me 



10 



followed by: . , 

reacting the compound of the formula III with methanesulfomc add to 

give the compound of formula IV. 
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2 . A process for the preparation of a compound of 
formula I of Claim 1: 



Ph^O^f 



N-L 
H 

CO s H ° 



I 



5 wherein L is an amino protecting group, 
by_coupling an amino acid of the formula: 



Ph O 

NH 2 

wherein G is a carboxyl protecting group, 
1 0 with a compound of the formula : 

H 3 C CH 3 

H0 2 C N-L 
M 

wherein Lis an amino protecting group, 

7n the presence of an acid activating agent in an -evolvent m the 
presence of a catalytic agent, followed by removal of he carboxyl 
15 protecting group G to give the compound of formula 1. 

3. The process of Claim 2 wherein the acid activating 
agent is DCC. 

2Q 4 . The process of Claim 2 wherein the catalytic agent 

is HOBT. 
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5. The process of Claim 2 wherein the solvent is selected 
from the group consisting of: 

acetonitrile; isopropyl acetate; ethyl acetate; propionitnle; 
water; chlorinated hydrocarbons such as dichloromethane, chloroform, 
5 carbon tetrachloride, dichloroethane, chlorobenzene, ortho-dichloro- 
benzene; benzene; toluene; xylenes; and the like; and mixtures thereof. 

6 The process of Claim 5 wherein the solvent is selected 
from the group consisting of: 

10 isopropyl acetate:water; and acetonitrile. 

7 - The process of Claim 2 wherein the temperature of the 
reaction is between 20 and 35°C. 

8. The process of Claim 2 wherein the compound of 
15 formula I, the amino protecting group is selected from: 

t-butoxy-carbonyl . 

9. The process of Claim 2 which is conducted in situ 
without isolation of the compound of formula I following its preparation. 

20 
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10. A process for the preparation of a compound of 

formula II: 



Ph 



H H H 3 C w CH 3 

>=o o 




L 



I 

S0 2 Me 
II 

5 wherein L is an amino protecting group, by coupling an amino acid of the 
formula: 

H H H3 °\ - CH 3 



C0 2 H ° 
I 

wherein L is an amino protecting group, with a compound of the 
10 formula: 

H 



N 




N 

S0 2 Me 

in the presence of an acid activating agent in an inert solvent in the 
presence of a catalytic agent, to give the compound of formula II. 

15 ii. The process of Claim 10 wherein the acid activating 

agent is DCC. 
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12. The process of Claim 10 wherein the catalytic agent 

is HOBT. 

5 13. The process of Claim 10 wherein the solvent is 

acetonitrile. 

14. The process of Claim 10 wherein the temperature of 
the reaction is between -20 and -35*C. 

10 

16. The process of Claim 10 wherein the catalytic agent 

is HONB. 

17. The process of Claim 10 wherein the solvent is 
15 isopropyl acetateiwater. 

18. The process of Claim 17 wherein the solvent 
isopropyl acetaterwater is in a ratio of approximately 40:60 to 60:40 
(by volume). 

20 

19. The process of Claim 10 wherein the temperature of 
the reaction is between 0 and 5°C. 

20. The process of Claim 14 wherein the compound of 
25 formula III, the amino protecting group is selected from: 

t-butoxy-carbonyl. 

21. The process of Claim 14 which is conducted in situ 
without isolation of the compound of formula III following its preparation. 

30 
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22. A process for the preparation of a compound of the 
formula IV of Claim 1, or a pharmaceutical^ acceptable salt thereof: 

H H H3C V Ch3 

)=o o 




N 

S0 2 Me 
IV 

5 which comprises reacting a compound of the formula III: 

H H H V H] 



Ph 



>=o o 




N 

S0 2 Me 
III 

wherein L is an amino protecting group, with an amino 
deprotecting agent to give the compound of formula IV. 

23. The process of Claim 22 wherein the compound of 
formula III, the amino protecting group is selected from: 
t-butoxy-carbonyl. 

15 24. The process of Claim 22, wherein the amino 

deprotecting agent is methanesulfonic acid. 



10 
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25. The process of Claim 22 which is conducted in a 
solution comprising ethanol. 

26. The process of Claim 22 which is conducted in situ 

5 without isolation of the compound of formula IV following its preparation. 

27. A process for the preparation of a compound of the 
formula V of Claim 1: 



h H H ' c y OHs 



NH 2 ■ CH3SO3H 



II 

-N 
SO z Me 

10 V 

which comprises reacting a compound of the formula TV: 




)=o o 

-N 



H H H;}C ^ - CH 3 




IL 

N 

S0 2 Me 
IV 

with methanesulfonic acid to give the compound of formula V. 

15 

28. The process of Claim 27 which is conducted m £ 
solution comprising ethyl acetate and ethanol. 
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